OBJECTIVE: To identify short-term predictors of risk for overweight in early adolescence in a sample of Caucasian origin subjects, in Cyprus. SUBJECTS: A total of 357 subjects (178 males) with baseline age 11.570.4 y were re-evaluated after a mean of 1.670.5 y. MEASUREMENTS: Body weight and height, calculated body mass index (BMI), and blood pressure at baseline and follow-up. Serum lipids were determined at baseline. Obesity and overweight were defined at baseline and follow-up, according to the International Obesity Task Force data set. Socioeconomic class was determined. Self-reported parental weight and height were used to calculate the parental BMI. BMI tracking and changes in BMI categories were calculated (with 95% confidence interval (CI)). The future risk of overweight in baseline normal weight subjects was predicted using logistic regression analyses, where only normal weight subjects at baseline were included. RESULTS: More males remained in the overweight or obese category than females: 86.7% (95% CI: 73.2, 94.9) vs 71.8% (95% CI: 55.1, 85.0), respectively, P ¼ 0.03. The identified predictors for future overweight were paternal obesity, odds ratio (OR): 7.1 (95% CI: 1.3, 38.0), systolic blood pressure 495th percentile, OR: 8.9 (95% CI: 1.9, 41.7), high triglyceride levels, OR: 4.2 (95% CI: 1.0, 16.9) and low HDL-cholesterol levels, OR: 7.6 (95% CI: 1.7, 34.3). CONCLUSIONS: Triglycerides and HDL-cholesterol levels have been proved predictors for overweight in early adolescence for the first time. The different sex pattern in BMI tracking observed, and also the different environmental influences on future overweight risk compared to other studies, indicate that local circumstances should be considered when implementing national intervention strategies for the prevention of obesity.
Introduction
Both treatment and prevention of obesity are critical challenges, given the ongoing increasing obesity prevalence, [1] [2] [3] the morbidity and mortality associated with childhood obesity in adulthood, 4, 5 the associated health hazards in childhood itself, 6, 7 and finally the association of childhood with adult obesity. 8 The knowledge of overweight and obesity predictors can help in the implementation of drastic population-preventive measures. A familial risk of overweight and obesity in spouses and first-degree relatives, that is, parents, offsprings, and brothers and sisters, has been recognized. 9 Parental body mass index (BMI) is among the most significant predictors for offspring overweight and obesity. [10] [11] [12] [13] Even more specific, longitudinal body fat changes in premenarcheal girls were found to be predicted by fathers' body fat levels. 14 Other factors, such as socioeconomic status, 15 home environment, 16 birth weight and certain metabolic factors, 17 physical activity, 18 dietary habits, 19 and breast feeding 20, 21 have also been linked with increased risk for obesity longitudinally, although less strongly and less consistently than parental BMI. In most of the analyses performed to identify longitudinal predictors of risk of overweight and obesity, however, both normal weight and overweight subjects are included in the statistical models examined. Not unexpectedly, therefore, such analyses identify as the most significant and strong predictor of overweight at follow-up, the subjects' baseline weight status. 8, 17, 22, 23 A recent study has indicated, however, that in previously normal weight school children, hypercholesterolemia was associated with the development of obesity among girls but not in boys. 24 The primary purpose of this study was the identification of possible short-term predictors of future overweight in previously normal weight subjects, in a paediatric population with high prevalence of childhood obesity. 13 Further study aims were the evaluation of cardiovascular disease risk factor levels in relation to baseline and follow-up overweight status, and the evaluation of short-term tracking of BMI in early adolescence.
Subjects and methods
This study is part of a larger epidemiological survey, designed in order to evaluate the current epidemiological status of childhood and adolescent obesity in Cyprus. This project was performed by the Research and Educational Foundation of Child Health (REFCH) of Cyprus in cooperation with the Department of Social Medicine, School of Medicine of the University of Crete, Greece. The REFCH is under the auspices of the ministries of Health and Education and Culture and partially funded by Laiki Group. Sampling procedures have been described in detail elsewhere. 13, 25 The cohort of this analysis consisted of a subsample of subjects that had been evaluated by the REFCH in 1997-98 for the presence of cardiovascular disease-risk factors (baseline evaluation) and had been subsequently evaluated in 1999-2000 for the purposes of the epidemiological survey for the study of obesity in children and adolescents in Cyprus (follow-up evaluation). At baseline, all children attending the sixth grade of elementary schools in Cyprus, that is around 9000 students, were invited to participate in a survey for the evaluation of cardiovascular disease-risk factors. The participation rate at baseline was almost 96% and the main reasons for nonparticipation were either parents' denial or subjects' denial due to venipuncture. At follow-up, a representative sample of children 6-18 y was selected for the study of the epidemiology of childhood obesity in Cyprus. This selection aimed towards a stratified sampling with respect to age, sex, socioeconomic status, district, and area of living (urban, rural areas). The participation rate at follow-up reached 98%. The only intervention offered to the subjects at baseline was that parents were informed about the weight status of their offsprings and a seminar was offered where it was explained that they should focus on a prudent lifestyle for treating/preventing all cardiovascular disease-risk factors. Written parental or legal guardian consent was obtained both at baseline and followup.
Anthropometric measurements
Measurements were taken both at baseline and follow-up by trained personnel, after breakfast, with subjects in light clothing and without shoes. ), however, were 83 and 96%, respectively, for men and 89 and 97%, respectively, for women, as determined in a Scottish study 28 Fno similar data exist for the Cypriot population.
Socio-economic status definition
Questionnaire-based data provided at follow-up were used to determine the socio-economic status (SECS). An alternative method that incorporated family income, household size, and maternal educational level was used for the determination of SECS, since a review of the collected questionnaire data revealed that occupation and employment status were not reported with sufficient precision. Subjects were thus divided into five classes: 1-4, higher to lower; 5, not classifiable (any or all three criteria were not recorded). Classes 1-4 had a pyramid-shape distribution.
Serum lipid determinations
Blood samples were obtained in Vaccutainers after 12 h fasting, before breakfast in the morning. All samples were analyzed at the Clinical Chemistry laboratory of the General Hospital of Nicosia. Following collection, blood samples were put in ice and transported immediately to the laboratory, where they were analyzed on the same day. All measurements were reproducible and were validated by internal (Beringer, local) and external (Murex, international EQAS, WHO) quality control. Total cholesterol (TC) and triglycerides (TG) were assayed enzymatically (Hitachi 717 analyzer) and HDL-cholesterol (HDL-C) with a nonimmunologic enzymatic reaction. LDL-C was calculated from the Friedewald formula LDL-C ¼ TCÀ(HDL-C þ TG/5). Serum lipid determinations were performed at baseline.
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Blood pressure measurement Blood pressure was measured at baseline and follow-up in the right arm with the child seated, at rest, with a Baumanometer mercury sphygmomanometer (WA Baum Co., Inc., Copiague, NY). The first Korotkof phase was used to determine the systolic blood pressure (SBP) and the fifth Korotkof phase to determine the diastolic blood pressure (DBP). The mean of three measurements was used for the analysis.
Statistical analysis
Descriptive statistics were calculated at baseline and followup. For the purposes of the statistical analysis, overweight status was defined thus: (a) never overweight subjects as those whose BMI was lower than the age-and sex-specific overweight cutoff (value corresponding to an adult cutoff of 25 kg/m 2 ) both at baseline and follow-up; 26 (b) always overweight subjects as those whose BMI was equal to or higher than the overweight cutoff both at baseline and follow-up; (c) baseline overweight subjects as those whose BMI was equal to or higher than the overweight cutoff at baseline, but lower than the overweight cutoff at follow-up and (d) follow-up overweight subjects as those whose BMI was lower than the overweight cutoff at baseline, but equal to or higher than the overweight cutoff at follow-up. In order to compare the baseline and follow-up prevalence of overweight and obesity, as well as to estimate BMI tracking and changes, proportions of subjects in each category were calculated along with the 95% confidence interval (CI).
Logistic regression analysis models were used to estimate the risk of future overweight or obesity. In these analyses, only normal weight subjects at baseline were included. All analyses were adjusted for sex, age at follow-up, and change of age from baseline at follow-up. Separate models were used with area of residence, socioeconomic status, father's and mother's BMI status, systolic blood pressure measurement, and serum lipid levels as independent variables. Socioeconomic status and parental BMI status were available only at follow-up; the rest of the independent variables only at baseline. Systolic and diastolic blood pressure measurements were coded in relation to sex, age, and height, according to the study of Rosner et al. 29 Serum lipid levels were categorized according to the American Academy of Pediatrics guidelines. 30 Owing to the results of logistic regression analysis, baseline serum lipid levels were calculated in relation to overweight status, and were presented graphically. Again, they were compared against never overweight subjects with the nonparametric Mann-Whitney U-test.
Finally, the baseline and follow-up distribution of subjects' SBP and DBP was presented graphically in relation to overweight status. The baseline and follow-up values were compared for each overweight category with the Wilcoxon signed rank test.
In all analyses, a P-value less than 0.05 indicated statistical significance.
Results
A total of 357 subjects were followed for a mean of 1. 670.5 y (range 0.6, 2.4). The baseline and follow-up characteristics are presented in Table 1 . Interestingly, the proportion of subjects' fathers that were overweight was more than double the proportion of overweight mothers (48.4 vs 22.2%, respectively, Po0.001) and the proportion of obese fathers was two and a half times that of obese mothers (11.4 vs 4.1%, respectively, Po0.001).
Prevalence of obesity and overweight Overall, the proportion of obese subjects remained unchanged at follow-up (baseline 3.7 vs follow-up 4.2%, P ¼ NS). There were differences, however, between males and females. The prevalence of obesity among males increased from 4.0% (95% CI: 1.6, 8.0) at baseline to 6.7% (95% CI: 3.5, 11.5) at follow-up, P ¼ 0.09, whereas the proportion of obese females decreased from 3.4% (95% CI: 1.3, 7.4) at baseline to 1.7% (95% CI: 0.3, 4.8) at follow-up,
The overall proportion of overweight subjects also remained almost unchanged; prevalence was 20.2% at baseline, and 19.0% at follow-up, P ¼ NS. The pattern of reduction was similar in both sexes and, still, not statistically significant in relation to baseline values. 
Predictors of overweight at follow-up
Results of logistic regression analysis of risk for overweight at follow-up are presented in Table 2 . It must be noted that the analysis included only those subjects who were normal weight at baseline. All analyses were adjusted for sex, age at followup and difference of age from baseline. There was a significant association between father's BMI and the risk of overweight at follow-up, OR: 7.1 (95% CI: 1.3, 38.0), P ¼ 0.022; mother's BMI, however, was not associated to overweight risk at follow-up. A systolic blood pressure (SBP) measurement 495th percentile (age-, sex-, and heightrelated) was a significant predictor of future overweight, OR: 8.9 (95% CI: 1.9, 41.7), P ¼ 0.006. DBP was not entered in the models, because there were only a few cases with a measurement 495th percentile. There were also statistically significant associations between HDL-C levels and triglyceride levels. Low levels of HDL-C (r1.04 mmol/l) confer a risk of being overweight at a follow-up of 7.6 (95% CI: 1.7, 34.3), P ¼ 0.008, whereas increased levels of triglycerides (41.24 mmol/l) also confer a significant risk, OR: 4.2 (95% CI: 1.0, 16.9), P ¼ 0.045.
The risk conferred by the presence of two cardiovascular disease-risk factors at baseline was also tested. In particular, the combination of low HDL-C and high triglyceride levels at baseline proved the most significant predictor with an OR: 24.6 (95% CI: 4.0, 149.8) and the combination of high triglyceride levels and high SBP measurement had an OR: 18.3 (95% CI: 2.4, 140.5).
Socioeconomic status and residency in urban or rural areas did not confer any significant risk of being overweight at follow-up.
Association of overweight status with baseline serum lipids
Owing to the significant risk for overweight conferred by baseline serum HDL-C and triglyceride levels, further analysis for serum lipid levels in relation to overweight status was performed. These results are presented in Figure 1 . The HDL-C distribution is the most impressive. Never overweight subjects have obviously higher levels of HDL-C in comparison to all the other three categories. They had also lower triglyceride levels, although the difference was statistically significant only in always overweight subjects.
Association of overweight status with blood pressure
The baseline and follow-up distribution of SBP and DBP in relation to overweight status is presented in Figure 2 . As expected, both SBP and DBP levels are higher in never overweight subjects at follow-up than baseline (SBP 111.9713.4 and 106.4 mmHg, respectively, Po0.001, DBP 69.7710.5 and 62.4710.5 mmHg, respectively, Po0.001). More impressive differences are observed in follow-up overweight subjects whose follow-up values are higher than baseline values (SBP 126.8716.5 and 114.5712.3 mmHg, Short-term overweight predictors SC Savva et al respectively, P ¼ 0.008; DBP 76.5711.8 and 65.37 10.9 mmHg, respectively, P ¼ 0.014). Subjects overweight at baseline have similar levels of SBP and DBP at baseline and follow-up. Finally, always overweight subjects have higher SBP levels at follow-up than baseline (120.0711.4 and 116.5711.2 mmHg, respectively, P ¼ 0.042), but similar levels of DBP. It is noted, however, that SBP and DBP levels of always overweight both at baseline and follow-up are higher when compared to never overweight subjects (Po0.001 in all comparisons).
Discussion
This study examines the short-term changes in overweight prevalence in adolescents, and predicts the short-term risk for overweight in previously normal weight subjects. The evaluation of overweight changes was preferred instead of evaluating pure BMI changes because, in growing children, increases of BMI are not a direct index of increased adiposity, but rather reflect increase in lean fat-free mass. 31 In predicting the future risk of being overweight, we included only normal weight subjects. We thus avoided the practice of other studies in which the whole cohort is included in logistic regression analyses to identify risk for overweight, and in which, inevitably, baseline overweight is identified as the most consistent predictor of future overweight. 10, 17, 22, 23, 32 It has been argued that it is important to investigate the predictors of risk for future overweight in previously normal weight subjects, since these subjects account for the ongoing increasing prevalence of obesity. 33 Predictors of risk for future overweight identified in this study were paternal obesity, increased systolic blood pressure measurement, and low levels of HDL-C and high triglyceride levels at baseline. Even stronger predictors of future overweight were the combination of low HDL-C levels and high triglyceride levels, and high triglyceride levels and high systolic blood pressure measurement at baseline.
This study also indicates that overweight and obese male adolescents retain this status to a greater extent than their female peers. The results failed, however, to determine to what extent these differences might be explained by different pubertal maturation between males and females, since the nature of the studyFschool basedFdid not allow pubertal stage evaluation.
The different pattern in overweight prevalence between the sexes is in accordance with the more pronounced decreasing trend of obesity prevalence in females compared to male adolescents with increasing age, and also to the large sex differences in the reported adult obesity prevalence in our population. 13 This sex pattern differs from that reported at younger ages and in adults, in other populations. Dwyer et al, 22 for instance, showed an increase in overweight subjects of both sexes from age 9 to 11 y. BMI changes, however, are more pronounced, longitudinally, both towards upper and lower categories in a more rapidly changing society than Cyprus. 
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The association shown here between paternal obesity and future risk of offspring overweight is in agreement with other studies that identified parental obesity as a risk for offspring overweight in older children and adolescents, 8, [10] [11] [12] although this has not been proved in younger children. 34 This predisposition should nonetheless be sought not only in genetic susceptibility but also in environmental factors and family habits, as studies show a familial clustering of obese subjects, not only among first-degree relatives but also among spouses. 9 It is now becoming clear that parental physical activity and dietary intake patterns are significant predictors of offsprings' risk of obesity.
35
To the best of our knowledge, the study's findings that baseline HDL-C and triglyceride levels are predictors of future overweight have not been reported previously. Only one study was identified, that evaluated the influence of baseline biochemical indices on future obesity. That study identified a positive association of baseline serum total cholesterol and a negative association of serum leptin levels to future weight gain in the short term in prepubertal children, but there was no association between HDL-C or triglyceride levels and future weight gain. 36 The rate of increase in weight in childhood and adolescence had been shown to be associated with increased prevalence of cardiovascular disease-risk factors in early adulthood, 37 but the present study identified the reverse association; that is, increased cardiovascular disease-risk factors are predictors of future overweight risk in adolescents. It has also been shown that there is a clustering of cardiovascular disease-risk factors, such as dyslipidemia, high blood pressure, and obesity from childhood to young adolescence, which is influenced by age-related changes in obesity. 38 Obesity in children and adolescents is associated with a characteristic pattern of increased blood lipids, consisting of elevated LDL-C and triglycerides and low HDL-C levels. 7 This pattern is confirmed by the present study (Figure 1 ), where baseline triglyceride levels are elevated in always overweight subjects compared to never overweight, whereas HDL-C levels were significantly lower. Childhood obesity is also associated with persistently elevated blood pressure, 7 and, although blood pressure is associated with BMI in both obese and nonobese children, the frequency of subjects with high blood pressure is higher in obese children. 39 Systolic and diastolic blood pressure measurements in our study are higher compared to never overweight subjects, and the magnitude of increase in SBP and DBP is higher in subjects follow-up overweight than the increase in never overweight subjects, confirming the findings of other studies. 22, 37 Shortcomings of the study are the relatively short time of follow-up and therefore these results need confirmation by more longitudinal studies. The difficulty for assessment of pubertal stage in these adolescents is also a limitation. Differences in pubertal stages might explain the different sex pattern in overweight status, and thus future research should highlight this issue. The possible link between the altered serum lipid levels and high blood pressure and future overweight need also be explored by future research by means of genetic and also environmental factors. Altered metabolism may be one aspect in these subjects that needs to be addressed.
In conclusion, this study demonstrates for the first time that HDL-C and triglyceride levels are predictors of short-term future overweight in previously nonobese adolescents. High SBP measurement confers an increased risk of future overweight. It also demonstrates the existence of a specific sex pattern in the incidence of new cases of overweight and tracking of obesity, in contrast to what is observed in other populations. The study failed, however, to identify any influence of socioeconomic status and residence in urban or rural areas, as other studies have done. These data indicate that, although the obesity issue is worldwide, obesity intervention strategies should focus on local circumstances and special needs in order to achieve the best result. Further Short-term overweight predictors SC Savva et al research is needed to evaluate the impact of these findings on cardiovascular health, if these findings are proved to persist longitudinally. Future research might also clarify whether these results are due to genetic or environmental factors.
